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Multi-state system test modeling and test point selection method
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Abstract; To solve the test problem of degradation state in testability design, this paper proposes a multi-state
system test modeling and test point selection method based on structure and function. Firstly, considering the
description of performance states in multi-state system, the general idea of multi-state system test modeling based on
structure and function was defined, and the related descriptions of structure, function, and test in the model were
analyzed. Secondly, the problem of state testing was discussed, and the calculation methods for the state sets that
can be detected by a single test or by a combination of test sets were analyzed. In addition, the state detection rate
was proposed to quantify the test indexes of the system states. Finally, given that the fault testability problem is
included in system testability design and analysis, a test point selection method of multi-state system integrating
fault detection rate, fault isolation rate, and state detection rate was proposed under test cost constraint. Results
show that the multi-state system test modeling method could analyze the testability of fault as well as the testability
of degraded state. Compared with that obtained by the test selection method of binary system, the optimal test set
obtained by the test selection method of multi-state system achieved higher state detection rate under test cost
limitation. In the case of unlimited test cost, the optimal test set obtained by the test selection method of multi-state
system not only achieved higher state detection rate, but also obtained the same maximum fault detection rate and
fault isolation rate as those of binary system.

Keywords: multi-state system; testability modeling; state detection; test point selection; fault detection and
isolation
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Fig.1 General idea of modeling
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Tab.3  Detectable state sets of each test and corresponding values
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Fig.4 Changes in parameters of multi-state system with test cost
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Fig.5 Changes in parameters of binary system with test cost
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Tab.4 Optimal test set and parameter values of multi-state system
c* 4 8 12 ®
BAET, 1,2,4,15 2,3,5,6,9,10,11,14 1,2,3,4,5,6,8,9,10,11,12,13 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15
FDR 1.00 0.73 0.87 1.00
FIR 0.20 0.81 1.00 1.00

SDR 0.22 0.47 0.73 0.91
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Tab.5 Optimal test set and parameter values of binary system

c* 4 8 12 ®
i T, 1,4,8,15 2,3,8,9,10,11,12,13 2,3,4,5,8,9,10,11,12,13,14,15 2,3,4,5,8,9,10,11,12,13,14,15

FDR 1.00 0.87 1.00 1.00

FIR 0.20 0.77 1.00 1.00

SDR 0.17 0.43 0.65 0.65
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